Epoxy resins possess valuable properties in the cured state, and here compounds of different chemical nature can be used as curing agents. By changing the chemical structure of the modifi er/curing agent, it is possible to change considerably the characteristics of the end products. It is obvious that the given effect will be signifi cantly stronger if a high molecular weight compound is used as the curing agent. Polycaproamide (PCA) is known [1] to possess extremely valuable service properties, primarily high strength, elasticity, and abrasion resistance, and, as regards its chemical nature, it has end amine and carboxyl groups, and also amide groups in the macromolecule chain. Thereby, it possesses the potential to interact with epoxy resin. On the basis of the structure of the PCA chain it follows that end amine and also amide groups will take part in the formation of crosslinked points during interaction with epoxy resin ED-20. The end carboxyl group will form inactive chains.
In the present study, use was made of PCA produced by hydrolytic polymerisation of caprolactam at 210°C with a water content of 6.0, 2.7, and 1.5%. Furthermore, use was made of secondary PCA in the form of ground hosiery waste. The characteristic curve of PCA specimens is shown in Table 1 .
Primary PCA was synthesised in ampoules and then ground. Here, specimen 1 comprises a powder, specimen 2 comprises well-ground chips, and specimen 3 comprises poorly ground chips. Analysis of PCA specimens was carried out by standard procedures: end [-NH 2 ] groups were determined by the potentiometric titration with HClO 4 solution of a PCA sample dissolved in an 85% aqueous solution of phenol; the relative viscosity η rel was determined by viscometry from the time of outfl ow of a polymer solution of 1 g/100 ml concentration in concentrated sulphuric acid. The degree of polymerisation was estimated by means of the known formula [2] P = 100 x (η rel -1) and the molecular weight was calculated on the basis of the molecular weight of an elementary PCA unit, equal to 113.
The synthesis of epoxypolyamides was carried out by the interaction of epoxy resin ED-20 having an epoxy group content of 5.05 × 10 -3 g-equ/g (or 21.9%) [3] and a PCA specimen at an ED/PCA mass ratio of 2:1 and a temperature of 220°C.
As shown by the results of an experiment under these conditions, within only 15-20 min, products with a high degree of curing (up to 100%) are formed, losing the ability to melt (at least up to a temperature of 270°C). Since, during extraction with acetone from the reaction product, only the epoxy resin is washed out, it is possible to estimate the degree of its conversion by means of the formula
where a 1 is the mass of resin in the sample before extraction, and a 2 is the mass of resin in the sample after extraction.
On the other hand, since PCA specimens have different molecular weights, by maintaining identical mass ratios of PCA and ED-20, we ensured different g-equ ratios of epoxy, amine, and carboxyl groups. Since, under the conditions of the experiment conducted, both -NH 2 and -COOH groups take part in synthesis, it is justifi ed to examine their sum. In connection with the fact that PCA specimens were obtained without a molecular weight regulator, the content of -COOH groups will be equal to the content of -NH 2 groups. Thus, with an ED-20/PCA mass ratio of 2:1, the following g/equ ratios of epoxy groups to the sum of -NH 2 and -COOH groups are fulfi lled: for specimen 1 -40; for specimen 2 -62.5; for specimen 3 -84 (the specimen numbers correspond to Table 1) . These values are presented on the x axis in Figure 1 .
Experimental results (Figure 1) indicate that, fi rstly, with increase in the time of the reaction, the degree of conversion of ED-20 increases and approaches 100%. This means that epoxy resin reacts not so much with end -NH 2 and -COOH groups, the content of which in the system is low, as with -NHCO-groups (the g-equ ratios of amide and epoxy groups range from 1:1.57 to 1:1.68) and, obviously, with -OH groups formed during transformations of the epoxy ring. Secondly, the less high molecular weight polymer at the fi rst stages of the reaction differs in a lower conversion of epoxy resin. That is, a polymer with P = 51 will form less densely crosslinked structures.
Secondary PCA is undoubtedly characterised by the same reactions. As regards features of its interaction, it must be noted that in the given case the minimum amount of ED-20 wetting PCA can be obtained only in a composite with an ED-20/PCA mass ratio of 4:1. It is obvious that in this case the production of an even more densely crosslinked structure of the epoxypolyamide is to be expected.
Epoxypolyamide specimens obtained within a synthesis time of 20 min were tested on a Höppler consistometer, temperature dependences of strain are presented in Figure 2 , and the values of the glass transition temperatures are presented in Table 2 . The corresponding properties for reference material -epoxypolyamine produced from ED-20 and polyethylenepolyamine (PEPA) at a 10:1 ratio -are also given in Table 2 .
Of note is the fact that the glass transition temperature T g increases with increase in the degree of polymerisation of the initial PCA. This indicates an increase in the crosslink density. The shape of the thermomechanical curves indicates that, under the experimental conditions, processes of post-curing are absent, which means that in the specimens the possibility of crosslinking has been entirely realised.
To characterise the properties of the structures formed, a thermogravimetric analysis (TGA) was carried out. TGS was conducted on a Paulik-Paulik-Erdei derivatograph at a heating rate of 5 K/min to a temperature of 500°C. The specimen weighed 5 mg. Table 2 presents values of the temperatures corresponding to the start of failure, t s , and to the maximum weight loss, t max , and the magnitude of the weight loss in this case, m. As can be seen from the results, the epoxypolyamides produced are characterised by higher thermal stability than a product of a classical composite based on PEPA and ED-20. On the whole it can be stated that, with increase in crosslink density from specimen 1 to specimen 3, the thermal stability decreases slightly. This idea is also valid for a specimen based on secondary PCA. It is known that a number of physicomechanical properties of crosslinked polymers depend extremely on the crosslink density. Consequently, synthesised specimens lie on the falling branch of this dependence. Besides TGA, the antifriction properties of the materials obtained were investigated, and the calculated values of the friction coeffi cients k fr are given in Table 2 . As can be seen, the best antifriction properties are possessed by material based on PCA with P = 70. It would seem that PCA with P = 96 should be resistant to friction. The explanation for this contradiction can be seen in the macrostructure of the epoxypolyamides synthesised. Remember that PCA with P = 51 is a powder, while PCA with P = 70 is in the form of chips having good compatibility with ED-20. PCA with P = 96 is in the form of tough chips, and, in the production of epoxypolyamides, complete homogenisation of the reaction mix is not ensured under the given conditions, in connection with which a material of inhomogeneous structure is obtained. If the time of interaction with ED-20 is increased, then the thermo-oxidative degradation of PCA will thereby also increase. It is obvious that this process is undesirable not only from the viewpoint of change in the colour of the material but also from the viewpoint of loss by the material of a number of physicomechanical properties. On the basis of these considerations, in our view, the optimum degree of polymerisation for the production of epoxypolyamides is PCA with P = 70. Returning to the results in Table 2 , it can be stated that, fi rstly, on the basis of secondary PCA, it is possible to produce materials with fairly good antifriction properties, and, secondly, epoxypolyamides are superior in friction resistance to epoxypolyamine produced using the classical formulation. Although secondary PCA has a high degree of polymerisation, its low proportion in a blend with ED-20 does not make it possible fully to realise the possibilities of this polymer. Secondary PCA, apart from anything else, is convenient for the production of layered materials. In particular, in the present work, specimens measuring 30 × 12 mm were produced that, in compression testing, withstood a load of up to 350 N without failure.
Along with the stated properties, we indirectly assessed the adhesion of epoxypolyamides to metal. To this end, we lap-bonded copper wire of 0.70 mm diameter with composites of the following compositions: PCA (P = 51) to ED-20 ratio 1:2; PEPA to ED-20 ratio 1:10. The tensile strength was determined on an RM-30-1 dynamometer. The results indicate that, in the former case, the tensile strength amounts to 70 ± 10 N, and in the latter case it amounts to 55 ± 10 N, i.e. adhesion of the epoxypolyamide is 25-30% higher than that of epoxypolyamine.
Thus, on the basis of PCA of different molecular weight and ED-20 it is possible to produce epoxypolyamides possessing a combination of high physicomechanical and physicochemical properties.
